ABSTRACT. Fláajökull is a non-surging outlet glacier draining the south-eastern part of the Vatnajökull, southeast Iceland. Fláajökull was stationary or advanced slightly between 1966 and 1995 and formed a prominent end moraine. Glacial retreat since then has revealed a cluster of 15 drumlins. This study focuses on the morphology and sedimentology of the drumlins. They are 100-600 m long, 40-130 m wide, and have cores of glaciofluvial sediment or till. The drumlins are draped by ∼1 m thick, massive subglacial traction till. The glacier forefield is characterized by a number of arcuate and saw-tooth, terminal and recessional moraine ridges, overridden moraines with fluted surfaces, and glaciofluvial outwash. Some of the drumlins extend towards the 1995 end moraine but terminate abruptly at the moraine and are not observed in front of it. This suggests that they were formed sub-marginally during the 1966-1995 terminal position. The sedimentary structure of the drumlins is best explained by the sticky spot model. Dating and dendrochronological analyses of birch logs found on the surface of one of the drumlins indicate that the valley was forested about 2100 calendar year BP, after which the glacier started to reform, possibly due to an abrupt change in climate.
INTRODUCTION
Drumlins are important landforms of many Pleistocene landscapes and, although they have been extensively studied, the exact nature of their formation is still enigmatic (Menzies, 1979; Patterson and Hooke, 1995; Clark and others, 2009) . It is widely accepted that drumlins form beneath glaciers through ice/substrate interaction (Benn and Evans, 2006) ; i.e. through deposition, erosion, deformation or a combination of these processes. Drumlins are usually thought to have formed some distance behind the ice front. This is reflected in ice stream models (Stokes and Clark, 2001) , in the active temperate glacial landsystem model by Evans and Twigg (2002) , and has been suggested for well-studied drumlin fields, such as the Great Lakes region drumlin fields of North America (Kerr and Eyles, 2007; Maclachlan and Eyles, 2013) .
Drumlins are not as common in the forefields of modern glaciers as in Pleistocene landscapes. Single drumlins or drumlins in small groups have been observed in modern glacial environments in Iceland (Krüger and Thomsen, 1984; Boulton, 1987; Kjaer and others, 2003; Schomacker and others, 2006, 2012; Waller and others, 2008) , Antarctica (Rabassa, 1987) , Switzerland (van der Meer, 1983) and Alaska (Haselton, 1966) . To date, however, the only modern drumlin field that has been described is at Múlajökull, Central Iceland (Johnson and others, 2010; Jónsson and others, 2014) .
The Little Ice Age (LIA) in Iceland started about AD 1250 (Geirsdóttir and others, 2009 ) and peaked at the end of the 19th century. After a more or less continuous retreat from their LIA terminal positions during the most of the 20th century, most Icelandic outlet glaciers experienced a minor re-advance during the last quarter of the 20th century that generally culminated about 1995 (Sigurdsson, 2003) . During the following accelerated retreat (Sigurdsson, 2013) , drumlins have been revealed at the margins of some Icelandic glaciers, including Múlajökull (Johnson and others, 2010; Jónsson and others, 2014) , Sólheimajökull (Schomacker and others, 2012; Slomka and Eyles, 2015) , Breiðamerkurjökull (Evans and Twigg, 2002) , Sléttjökull (Kjaer and others, 2003) and Skeiðarárjökull (Waller and others, 2008; Baltru¯nas and others, 2014) .
At Fláajökull (Fig. 1) , an outlet glacier from Vatnajökull, southeast Iceland, a cluster of 15 drumlins has been exposed following a retreat of the glacier from a large end moraine formed in 1995 (termed the 1995 end moraine in this paper). Fláajökull is a non-surging glacier, and like all Icelandic outlet glaciers considered to be a temperate glacier (Björnsson and Pálsson, 2008) . We describe Fláajökull with reference to the active temperate glacier landsystem model of Evans and Twigg (2002) and Evans and others (1999) , and in line with the approach of Evans and others (2015) . According to this model, the forefield of temperate outlet glaciers is divided into three depositional domains: (a) areas of extensive, low amplitude marginal dump, push and squeeze moraines derived largely from material on the glacier foreland and often recording annual recession of active ice, (b) glaciofluvial landforms and (c) subglacial landforms such as flutes, drumlins and overridden end moraines.
We describe the morphology and sedimentology of the 15 drumlins within the recently exposed forefield and present a detailed geomorphological map in order to understand drumlin formation and the development of the active temperate landsystem at Fláajökull. In addition, a simplified Holocene glaciation history for Fláajökull is reconstructed based on previously published research and 14 C dates and dendrochronological analysis of birch logs sampled from the surface till of one of the drumlins.
METHODS

Geomorphological mapping
Mapping of landforms was undertaken using a combination of remote sensing and ground surveys . An airborne 2.5 m LiDAR DEM covering the glacier and ∼2 km into the forefield was visualized as a terrain shade-relief model and used along with panchromatic aerial photographs, with 0.5 m pixel size, taken in 1982 and 1989 by Landmaelingar Íslands (National Land Survey) for mapping the forefield. The LiDAR data were recorded in 2010 by the Icelandic Meteorological Office and the Institute of Earth Sciences of the University of Iceland (Jóhannesson and others, 2013) . All data were handled in ESRI ArcGIS 10 in the UTM/WGS84 reference system, and elevations are in meters above sea level.
Sediments and landforms were mostly mapped on the basis of the LiDAR DEM data but the orthophotographs were used both with the LiDAR and exclusively in the southeast part of the forefield, where LiDAR data were unavailable.
The length and width of the drumlins were measured in ArcGIS. The height of drumlins that are surrounded with water was measured from the water surface, which defines their basal plane height. Four drumlins were not fully exposed from under the ice margin and were not measured.
Sedimentological logging
Four stream-cut sections (A-D; see Fig. 6 for locations) in the drumlins were cleaned and logged following the data chart by Krüger and Kjaer (1999) . The lithology and principal sedimentological characteristics, i.e. grain size, sorting, clast content, matrix/clast relationship, and clast roundness of each unit were described in the field along with the nature of their basal contacts and their lateral extent. Interpretation of units was both done in the field and on the basis of anisotropy of magnetic susceptibility (AMS) measurements (see section Anisotropy of magnetic susceptibility).
C dating of birch logs
Three birch logs were discovered embedded in sediments on top of the northernmost drumlin. The dendrochronology of the logs was analysed at the Swedish National Laboratory for Wood Anatomy and Dendrochronology, Lund University, and two of them were dated using Accelerator Mass Spectrometry at Lund University Radiocarbon Dating Laboratory. The dates were calibrated in OxCal 3.10 using the atmospheric data from Reimer and others (2013).
Anisotropy of magnetic susceptibility
We collected till specimens in the years 2012 and 2013 for (AMS measurements. These measurements were taken from three drumlin sections (A-C, see Fig. 6 ). A minimum of 25 plastic boxes (8 cm 3 ) were used in the collection process for 
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Jónsson and others: Submarginal drumlin formation and late Holocene history of Fláajökull, southeast Iceland sampling. Principal directions of magnetic susceptibility (k 1 , k 2 and k 3 ) were measured using the AGICO MFK1-FA Fully Automatic KappaBridge to determine the three-dimensional (3-D) state of strain, which is visualized with a susceptibility ellipsoid (Jelínek and Kropácěk, 1978) . Furthermore, the ellipsoids are used to identify the 3-D strain style, direction and magnitude of the microfabric (e.g. allows simple shear to be distinguished from pure shear) and therefore to infer patterns of till deformation. Perhaps more importantly, the magnetic fabric provides excellent spatial resolution because of its averaging effect of many magnetic grains rather than the orientation of a single grain. In addition to the AMS measurements, we conducted high temperature susceptibility (HTS) and hysteresis experiments. These experiments were performed in order to determine the magnetic carrier and grain size. HTS experiments were evaluated on the fine-grained particles (clay and silt) that were <65 µm. The unblocking temperature was used to identify the mineralogy and hysteresis loop parameters helped target the particle size. The magnetic fabric data were analysed using the procedure outlined by Mark (1973) . The ice front variations of Fláajökull have been recorded from 1894 and with some continuity from 1930 (Fig. 1b) . There is, however, a gap in the records between 1972 and 1991 and again from 2000 to 2009. We added two ice front positions from aerial images taken in 1982 and 1989 to get a more complete record (Fig. 1b) . The record shows a rapid retreat between about 1930 and 1942, and again after 1998, but a still-stand or even a minor re-advance between 1966 and 1995. After 1995 the Fláajökull ice margin has retreated rapidly and is now (2013) located 706 m inside the moraine.
REGIONAL SETTING AND GEOMORPHOLOGY
Fláajökull
According to radio echo soundings from year 2000, the glacier occupies a 60 m deep depression inside the present ice margin North of Mount Jökulfell (Fig. 1c) . This depression gets gradually shallower towards the 1995 end moraine (Pálsson and Björnsson, 2000) .
Direct velocity measurements of Fláajökull do not exist. However, a velocity of a few metres to a few tens of metres per year is presumed based on both measured and modelled velocities at the adjacent Hoffellsjökull glacier, which rests in a similar topographic and climatic setting just 11 km east of Fláajökull (Aðalgeirsdóttir and others, 2011) (Figs 2 and 3) . 
Geomorphology of the forefield
The landforms at Fláajökull are divided into four groups based on the glacial environment in which they are formed, i.e. subglacial, ice-marginal, supraglacial and glaciofluvial. Subglacial sediments and landforms are common in the forefield of Fláajökull. About half of the forefield is classified as a subglacial till plain (Fig. 2) . The till plain is generally fluted with the most prominent flutes occurring on overridden, drumlinized end moraines, such as the one located ∼1.3 km from the ice front (Figs 2 and 4), (Evans and others, 2015) . The flutes range between 1 and 90 m in length and ∼0.5 and 1.5 m in width. More flutes than indicated in Figure 2 were observed in the field but were not mapped because of their small size or low resolution of the LiDAR image and/or aerial photographs. In addition to the flutes, we have mapped 15 drumlins, which are described in more detail in the section Drumlin Morphology and Sedimentology. Evans and others (2015) described a number of crevasse fill ridges but most of these ridges are interpreted as recessional moraines in the present study.
Ice-marginal landforms are widespread at Fláajökull. Multiple arcuate (dark brown in Fig. 2 ) and saw-tooth (red in Fig. 2 ; Burki and others, 2009 ) moraine ridges can be found in the forefield (Figs 2 and 6 ). The outermost terminal moraine is from the LIA maximum in 1894 (Hannesdóttir and others, 2014) and the innermost one from the re-advance that terminated in 1995. This moraine is ∼30 m wide and 10-25 m high above the surroundings, and conspicuous in the proximal part of the forefield, which probably owes to the fact that the ice margin was stationary around this position for a long time, supplying large amounts of sediment for moraine buildup (Fig. 5c ).
There are a number of smaller recessional moraines in the forefield, formed during minor late winter/early spring readvances. These moraines are best preserved in the area inside the 1995 end moraine (Figs 2 and 5a ). The recessional moraines are continuous for only short distances with individual segments ranging from a few meters to a few tens of meters in length and displaying a saw-tooth pattern. They are usually ∼1.5 m wide and 0.5-1 m high and consist most commonly of till. Supraglacial landforms are rare at Fláajökull. However, surface fractures were observed within the hummocky moraine on the proximal slope of the 1995 end moraine (Fig. 2) , indicating melting of buried ice.
Glaciofluvial sediments (sand and gravel) and landforms (drainage channels, sandur plains) from various meltwater outlets are conspicuous in the Fláajökull forefield (Fig. 2) . The river Hólmsá drains Fláajökull and runs towards south, just east of Mount Jökulfell (Figs 1, 2 and 6), leaving behind a braided sandur. Fluvial plains and drainage channels are most extensive close to the present day Hólmsá outlet. In the northern part of the forefield, channels from former outlets close to Fláfell are inactive because of the retreat of the glacier and damming of river outlets.
DRUMLIN MORPHOLOGY AND SEDIMENTOLOGY
Size and morphology
We mapped 15 drumlins at Fláajökull, four of which are only partly exposed and their exact size is thus not known (Fig. 6) . The size of the fully exposed drumlins varies greatly. In the northern part, four large drumlins occur (numbered 1-4 in Fig. 6 ), ranging from 430 to 580 m in length, 115-130 m in width, and 8-13 m in height above the surrounding water table (Figs 2, 3a and 6), and with an elongation ratio of 2.4-4.8. All these drumlins extend towards the 1995 end moraine but not beyond it. This is most obvious at drumlin 3, which is parabolic in shape at the down-glacier end (Fig. 6 ). Further south, there are four more drumlins (drumlins 5-8 in Fig. 6 ), extending to the 1995 end moraine. These drumlins are 120-210 m in length, 40-110 m in width and 3-8 m high, with an elongation ratio of 1.4-3.
Closer to the ice, three spindle shaped drumlins have completely emerged from the ice (drumlins 9-11 in Figs 3c and 6). These drumlins are located in a proglacial lake that is dammed by man-made dikes but also represents the down-glacier end of the subglacial overdeepening. Because these drumlins are partly under water, their full size could not be determined. Even when this is taken into account it seems clear that they are considerably smaller than the drumlins further north, all being ∼50 m wide and ranging in length from ∼160 to 280 m, giving an elongation ratio between 3.2 and 4.7.
Four more drumlins are currently emerging from the ice margin and have not been completely exposed (drumlins 12-15 in Figs 2 and 6). Their size is therefore not known but three of them seem to be relatively small while the one furthest south appears to be larger according to Figures 2 and 6.
The geometry and elongation ratio of the fully exposed drumlins, number 1-11, is summarized in Table 1 .
Stratigraphy and sedimentology
The stratigraphy and sedimentology of the drumlins was investigated in four excavated sections (A-D; see Fig. 6 ). The sections are located in three large drumlins in the northern part of the forefield and oriented perpendicular to the long axis of the drumlins. Section A is located in the proximal end of drumlin 1 (Fig. 7a) , section B (Fig. 9a) is in the centre of drumlin 2 (Fig. 9a) , and sections C and D are located within drumlin 4, with section C in the proximal part and section D in the distal part (Figs 9c and 11 ).
Section A: Section A is located at the proximal end of drumlin 1 (Fig. 6) . The section is 4.2 m high and consists of two stratigraphic units (Figs 7 and 9a) . The lower unit, A-1, comprises massive, rounded gravel that is at least 4 m thick with its lower contact being unexposed (Fig. 8) . The upper unit, A-2, is, at the macroscale, a massive, matrix-supported diamict that has silty-sandy matrix and is unconsolidated (easy to excavate). The unit is rich in subrounded to subangular clasts, typically ranging from 2-50 cm in diameter. The unit is ∼0.6 m thick but the thickness varies laterally between 0.3 and 0.8 m. The contact with the underlying gravel is sharp. The surface is covered with a clast pavement. The AMS microfabric shows significant clustering of the k1, k2 and k3 susceptibilities, with a shallow dip of k1. This indicates a till shearing direction toward the southeast roughly parallel to the drumlins long axis (k1 up-glacier plunge of 11°) with an approximately horizontal shear plane (defined by k2 susceptibilities). The gravel is interpreted as proglacial outwash and the surface diamict as subglacial traction till (Table 1, Fig. 8 ; Evans and Benn, 2004; others, 2006, 2015) .
Section B: Section B is located in the centre of drumlin 2 (Fig. 6 ). The section is 3.2 m high and consists of two till units (Fig. 10) . The lower unit, B-1, is a diamict that is at least 2 m thick but its base is unexposed. At the macroscale, the diamict is massive, matrix-supported with sandy-gravelly matrix. It is rich in clasts that are up to 40 cm in diameter and mainly subangular to subrounded. Unit B-1 is unconsolidated and easy to excavate. The upper unit, B-2, is generally ∼1 m thick diamict but the thickness varies between 0.4 and 1.2 m with the lower boundary being gradational. At the macroscale, the diamict is massive, matrix-supported with silty-sandy matrix and moderately clast rich, with clasts being mainly subrounded to subangular and up to ∼30 cm in diameter. The diamict is poorly consolidated and easy to excavate and the surface is covered with a clast pavement. The AMS microfabric illustrates a girdle distribution of k1 and k2 susceptibilities with an average k3 plunge of 54°defining the pole to the shear plane (k1-k2 plane). The mean k1 susceptibility orientation plunges 11°up-glacier, which is approximately parallel to the shearing direction and drumlin long axis. The lower unit, B-1, is interpreted as a subglacial traction till others, 2006, 2015) . The upper unit, B-2, is expressed in a recessional push moraine at this site (Krüger, 1995) . However, it has similar characteristics as unit B-1 below and was thus probably initially deposited as a subglacial traction till that subsequently got pushed by the ice margin during a recent late winter/early spring re-advance (Krüger, 1995) (Figs 9 and 10 ). Section C: Section C is located in the proximal end of drumlin 4 (Fig. 6 ). The section is 2.8 m high and shows two units (Fig. 11) . The lower unit, C-1, comprises a massive, coarse gravel with an exposed thickness of over 2 m. The upper unit, C-2, is a diamict that is at the macroscale massive, matrix-supported with silty-sandy matrix, rich in 5-40 cm large, subangular to subrounded clasts and easy to excavate. The surface is covered with a clast pavement. The diamict is up to 0.7 m thick and the lower boundary is sharp. Section C, shows an AMS fabric broadly similar to section B; however, k1 axes cluster at 77°and gently plunge at 19°up-glacier and k3 axes cluster at 190°and plunge moderately at 73°, perpendicular to the shear plane. Shearing is subparallel to the glacier flow direction toward the southeast. The lower unit was interpreted as glaciofluvial outwash and the upper unit as subglacial traction till (Evans and Benn, 2004; others, 2006, 2015) .
Section D: Section D is located in the distal end of the same drumlin as section C, i.e. drumlin 4 (Fig. 6 ). The section is 2.1 m high and consists of two units (Figs 12 and 13) . The lower unit, D-1, is over 1 m thick diamict with its lower boundary unexposed. At the macroscale, the diamict is massive, matrix-supported with sandy-gravelly matrix and rich in <30 cm large clasts. The diamict is easy to excavate. The upper unit, D-2, is an easily excavated diamict, at the macroscale massive, matrix-supported with silty-sandy matrix and moderate content of up to 20 cm large clasts. The diamict is typically ∼1 m thick but the thickness is variable, with a sharp conformable lower contact to D-1. The surface is covered with clast pavement and there is a sand lens in the top of the unit. This AMS fabric site displays significant clustering of k1, k2 and k3 susceptibilities, as also revealed from section A. The mean k1 susceptibility axes cluster at 002°a nd plunge 1°up-glacier, k2 susceptibilities cluster at 093°ap-proximately normal to the k1 clusters and k3 clusters are oriented at 183°and steeply plunge at 85°. The longitudinal flow plane (k1-k3 plane) is approximately parallel to the drumlin long axis. Both units, D-1 and D-2, are interpreted as subglacial traction tills and the sand lens at the top as a small channel fill others, 2006, 2015) .
CHRONOLOGY
About 70 m southwest of section A (Fig. 6) , compact, greyish to bluish sediment was observed at the surface of drumlin 1 down to ∼10-20 cm depth. We interpret this sediment to be peat/palaeosol originating in the valley, now occupied by the glacier. The sediment has been deformed and dislocated by the advancing glacier and finally deposited on top of the drumlin. The sediment contains birch logs that are 15-60 cm long and 10-20 cm in diameter (Fig. 14) . Two of the birch logs were sampled for 14 C dating. The first sample, LuS 10801, gave 14 C age of 2165 ± 35 BP and calibrated age range with 95,4% probability of 2310-2055 BP. Analysis of the shape of this specimen and its tree rings indicates that this tree was 20-30 cm in diameter and rather fast growing, suggesting relatively warm conditions (Fig. 14a) . The second sample, LuS 10802, gave 14 C age of 2105 ± 35 BP and calibrated age range with 93,1% probability of 2155-1990 BP. Dendrochronological analysis indicates that the sample is from a 25-40 a old tree with dense tree rings, suggesting colder growing conditions (Fig. 14b) . The third sample, IS000 (Fig. 14c) , was not dated but allowed for a more accurate dendrochronological analysis showing 84 tree rings (Fig. 14d) . This tree was growing by 0.5 mm a −1 on average during the first 60 a when an abrupt decrease in growth rate (tree-ring width) to 0.05 mm a −1 occurred (Figs 14d and e) . The dense rings in the outer part of this tree could indicate that it is of a similar age as the second sample (LuS 10802). The dates and the dendrochronological analyses of the tree logs not only suggest that the valley was forested and that Fláajökull was considerably smaller or absent at that time, but also that the glacier started to expand sometime after about 2100 BP, possibly due to an abrupt climate deterioration.
DISCUSSION
Drumlin formation
In two sections located at the proximal end of drumlins, sections A and C, glaciofluvial sediments make up ∼4/5 of the section height and are overlain by subglacial traction till on top. Although our dataset lacks definitive indications of erosion in the form of erosional unconformities, this could suggest that the drumlins at Fláajökull are formed by a combination of erosion of pre-existing outwash sediments and deposition and shearing of till.
The glaciofluvial sediment in the drumlin cores suggests that the drumlins were formed around sticky spots in the substrate where higher resistance to basal sliding, erosion and deformation caused the deposition of the subglacial traction till (Boulton, 1987; Piotrowski and others, 2004; Stokes and others, 2007) . Subsequently, the continuous flow of the glacier in this area between 1966 and 1995 shaped the till-draped sticky spots into drumlins. This corresponds to proposed mechanisms of drumlin formation at Breiðamerkurjökull (Evans and Twigg, 2002) and Skeiðarárjökull (Boulton, 1987; Waller and others, 2008) , both southern outlets of the Vatnajökull ice cap, and suggests that the location and distribution of the drumlins is mainly controlled by the hydrological and sedimentological properties of the substrate, rather than for example, being related to crevasses (Alden, 1911; Johnson and others, 2010) .
The drumlins at Fláajökull have a relatively low elongation ratio (1.4-4.8) and they all terminate abruptly at the 1995 moraine; however, there is no indication of erosion and truncation by meltwater at their distal end in front of the moraine. We suggest that the drumlins were formed 
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Jónsson and others: Submarginal drumlin formation and late Holocene history of Fláajökull, southeast Iceland sub-marginally during the 1966-1995 advance that terminated at this position; hence, they do not extend beyond it. It is worth stressing that this advance was not a surge but rather a response of the glacier to a continuously positive net mass balance over this period. It can thus also be concluded that the drumlins at Fláajökull were formed under 'normal' ice velocities like previously reported from for example, Sléttjökull and Sólheimajökull in Iceland (see Krüger and Thomsen, 1984; Krüger, 1987 Krüger, , 1994 Schomacker and others, 2012) rather than under 
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Jónsson and others: Submarginal drumlin formation and late Holocene history of Fláajökull, southeast Iceland substantially enhanced velocities (ice streaming or surging), as has been suggested for highly elongate Pleistocene drumlins (e.g. Hart, 1999; Clark, 1999, 2002; Briner, 2007; Hess and Briner, 2009 ) and for drumlins formed by surge-type glaciers in Iceland (e.g. Boulton, 1987; Hart, 1995; Waller and others, 2008; Johnson and others, 2010) .
Glaciation history
The dates of the tree logs in the drumlins at Fláajökull of about 2100 years BP indicate that the valley now occupied by the glacier had been ice free and that the glacier started to reform at around that time. This correlates with the glacial history of Eyjabakkajökull, a surge-type outlet of the north-eastern part of the Vatnajökull ice cap, as reconstructed from sediment cores from Lake Lögurinn that receives meltwater from the glacial river draining Eyjabakkajökull. The results from Lögurinn indicate that Eyjabakkajökull did not exist from 9000 to 4400 years BP after which the glacier started to reform. The surges of Eyjabakkajökull started about 2200 years BP and the glacier continued to expand until about 1700 years BP when it reached a size it maintained until the onset of the LIA (Striberger and others, 2012) . This is somewhat similar to the results of Geirsdóttir and others (2009) , who suggest that the onset of the Neoglaciation in Iceland was sometime after 6000 years BP with increasing glacial activity between 4500 and 4000 years BP and even more between 3000 and 2500 BP, when temperatures were the lowest during the Holocene apart from the LIA. This is in line with chronological data from for example, Sólheimajökull (a southern outlet of the Mýrdalsjökull ice cap) and Kvíárjökull (at southern outlet of the Vatnajökull ice cap), which suggest that these glaciers had their maximum Late Holocene extent about 1800 and 3000 BP, respectively (Thorarinsson, 1956; Schomacker and others, 2012) . The results from Fláajökull, therefore, contribute to a growing set of evidence from different locations in Iceland that outlet glaciers reformed in the late Holocene after having been absent or considerably smaller since the early Holocene, and that these fluctuations were driven by climate changes.
CONCLUSIONS
The forefield of Fláajökull contains 15 drumlins exposed during ice marginal retreat since 1995. The drumlins are 100-600 m long, 40-130 m wide and 5-10 m high, with an elongation ratio of (1.4-4.8).
The drumlins consist of glaciofluvial sediment in their cores and subglacial traction till on top. We suggest that glaciofluvial deposits acted as sticky spots onto which the subglacial traction till was deposited due to resistance to basal sliding, erosion and deformation.
The fact that the drumlins at Fláajökull occur just proximal to the 1995 end moraine and not beyond it indicates that, they were formed in a sub-marginal setting during a period of stillstand or minor re-advance from 1966 to 1995. If the drumlins were older, they would most likely have extended beyond the 1995 moraine.
The drumlins formed under 'normal' low-velocity ice flow conditions during the 1966-1995 re-advance and cannot be related to any kind of fast-flow events (e.g. a surge).
New datings of birch logs and the known age of the LIA terminal moraines suggest that the valley presently occupied by Fláajökull was ice free and carried a birch forest about 2100 cal. yr BP and that the glacier expanded thereafter to reach its maximum Holocene extent in 1894.
